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Abstract
Objectives To estimate incidence, mortality, and disabil-
ity-adjusted life years (DALYs) caused by cancer in the
Eastern Mediterranean Region (EMR) between 2005 and
2015.
Methods Vital registration system and cancer registry data
from the EMR region were analyzed for 29 cancer groups
in 22 EMR countries using the Global Burden of Disease
Study 2015 methodology.
Results In 2015, cancer was responsible for 9.4% of all
deaths and 5.1% of all DALYs. It accounted for 722,646
new cases, 379,093 deaths, and 11.7 million DALYs.
Between 2005 and 2015, incident cases increased by 46%,
deaths by 33%, and DALYs by 31%. The increase in
cancer incidence was largely driven by population growth
and population aging. Breast cancer, lung cancer, and
leukemia were the most common cancers, while lung,
breast, and stomach cancers caused most cancer deaths.
Conclusions Cancer is responsible for a substantial disease
burden in the EMR, which is increasing. There is an urgent
need to expand cancer prevention, screening, and aware-
ness programs in EMR countries as well as to improve
diagnosis, treatment, and palliative care services.
Keywords Eastern Mediterranean Region  Cancer 
Mortality  Incidence  Disability-adjusted life years
Introduction
With 8.7 million deaths (16% of all deaths), cancer was
globally the second-leading cause of death behind cardio-
vascular diseases in 2015 (GBD 2015 Mortality and Causes
of Death Collaborators 2016). There were 17.5 million
incident cases globally, and cancer accounted for 209
million DALYs (GBD 2015 DALYs and HALE Collabo-
rators 2016; GBD 2015 Disease and Injury Incidence and
Prevalence Collaborators 2016; Global Burden of Disease
Cancer Collaboration et al. 2016). In many countries, the
epidemiological transition has led to a decrease in com-
municable, neonatal, maternal, and nutritional diseases, at
the expense of an increase in non-communicable diseases
over time (GBD 2015 DALYs and HALE Collaborators
2016). Prior studies examining cancer epidemiology in the
EMR have either focused on a single year, a single country,
or a particular component of cancer treatment (Aljurf et al.
2010; Abdel-Razeq et al. 2015; Kulha´nova´ et al. 2017).
What has not been analyzed for the EMR is how the epi-
demiological and demographical transition through an
aging population, urbanization, industrialization, and
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lifestyle changes, as well political turmoil has affected the
cancer burden (GBD 2015 DALYs and HALE Collabora-
tors 2016). This evidence is essential for comprehensive
cancer control planning. Given the diverse country profiles
in the EMR with large differences in income, age structure,
risk factor profile, and political stability, cancer prevention
potential and treatment capacity requirements differ sub-
stantially between countries. In this study, we therefore
present the Global Burden of Disease Study 2015 (GBD
2015) estimates of incidence, mortality, years of life lost
(YLLs), years lived with disability (YLDs), and DALYs
for 29 cancer groups and 22 EMR countries from 2005 to
2015 by age and sex, which to our knowledge is the most
comprehensive assessment of cancer burden in the EMR
(GBD 2015 DALYs and HALE Collaborators 2016; GBD
2015 Disease and Injury Incidence and Prevalence Col-
laborators 2016; GBD 2015 Mortality and Causes of Death
Collaborators 2016; GBD 2015 Risk Factors Collaborators
2016). This quantitative assessment is especially important
to guide health policy and to measure progress on the third
Sustainable Development Goal (SDG) of reducing prema-
ture mortality from non-communicable diseases by one
third by 2030 (United Nations 2016).
Methods
The GBD 2015 study estimated incidence, prevalence,
deaths, YLLs, YLDs, and DALYs for 195 countries and
territories from 1990 to 2015. In total, 315 causes of dis-
eases and injuries and 79 risk factors were systematically
analyzed. Details of the methodology used in GBD 2015 to
estimate general disease burden and cancer burden are
described in detail elsewhere (GBD 2015 DALYs and
HALE Collaborators 2016; GBD 2015 Disease and Injury
Incidence and Prevalence Collaborators 2016; GBD 2015
Mortality and Causes of Death Collaborators 2016; GBD
2015 Risk Factors Collaborators 2016; Global Burden of
Disease Cancer Collaboration et al. 2016).
Briefly, to estimate cancer burden, we mapped all neo-
plasms as defined by the 10th revision of the International
Statistical Classification of Diseases (ICD-10) to one of the
29 GBD cancer groups. Input data for cancer mortality
estimates came from vital registry mortality and cancer
registry incidence data. The latter were transformed to
mortality estimates using separately modeled mortality-to-
incidence ratios (MIR) (Global Burden of Disease Cancer
Collaboration et al. 2016). The raw data were processed to
make them comparable and to account for ‘‘garbage
codes’’, which are codes assigned to causes that are not
usable from a public health perspective (Naghavi et al.
2010). These causes were redistributed to the most likely
underlying cause of death based on a regression model.
Data were extracted at the most detailed level, by age
group and sex, and mapped to the GBD cause list. Using a
cause of death ensemble modeling (CODEm) approach
with cause-specific covariates, we computed mortality
estimates for each individual cause (Foreman et al. 2012).
These estimates were scaled to fit into an independently
modeled all-cause mortality estimate using the algorithm
CodCorrect (GBD 2015 Mortality and Causes of Death
Collaborators 2016). We transformed the final mortality
estimates into incidence estimates using modeled MIR.
Uncertainty from data sources and processing steps was
propagated to the incidence estimates.
Cancer survival was calculated using a MIR-based
scaling factor. We calculated 10-year prevalence of each
cancer and each incidence cohort using these cancer sur-
vival estimates. The total prevalence was divided into four
sequelae with variable disability weights: (1) diagnosis and
treatment, (2) remission, (3) metastatic, and (4) terminal
phase. We assumed a constant duration for sequelae (1),
(3), and (4) for all countries over time. Duration of sequela
(2) was the remaining prevalence after subtracting the
duration of the fixed sequelae. We computed YLLs by
multiplying deaths by the normative standard life expec-
tancy at each age of death (GBD 2015 Mortality and
Causes of Death Collaborators 2016). For each sequela,
YLDs were calculated by multiplying the prevalence of
each sequela by its disability weight. Finally, DALYs were
calculated by summing YLLs and YLDs.
To analyze the contribution of population aging, popula-
tion growth, and changes in age-specific incidence rates
(ASIR) to the absolute change of cancer incidence, we cal-
culated two scenarios. In the first, the age structure, sex
structure, and age-specific rates from 2005 were applied to the
2015 population. The difference between the total number of
cases in 2005 and the hypothetical scenario were attributed to
population growth. In the second, the age-specific rates from
2005 were applied to the age structure, sex structure, and 2015
population. The differences between the two scenarios were
attributed to population aging. Differences between the total
number of cases in 2015 and the second hypothetical scenario
were attributed to changes in the age-specific rates.
The 22 EMR countries were grouped according to per
capita gross national income (GNI) into low-income
countries (LICs) (Afghanistan, Djibouti, Somalia, and
Yemen); middle-income countries (MICs) (Egypt, Iran,
Iraq, Jordan, Lebanon, Libya, Morocco, Pakistan, Pales-
tine, Sudan, Syria, and Tunisia); and high-income countries
(HICs) (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and
the United Arab Emirates). LICs were defined as those
having a per capita GNI of $1045 or less, MICs as those
with a per capita GNI between $1046 and $12,735, and
HICs as countries with per capita GNI of $12,736 or
greater.
S152 GBD 2015 Eastern Mediterranean Region Cancer Collaborators
123
In this publication, all rates are reported per 100,000
person-years. We report 95% uncertainty intervals (UIs)
for all estimates (listed in parentheses after the point
estimates).
Results
Regional burden of cancer
Between 2005 and 2015 in the EMR region, incident
cancer cases increased by 46.1% (34.5–59.4%) from 495
(457–537) thousand in 2005 to 723 (661–790) thousand
cases in 2015 (Table 1). In 2015, cancer caused 379
(350–409) thousand deaths (Table 2) and 11.7 million
(10.8–12.7 million) DALYs, of which 3% were
attributable to YLDs and 97% to YLLs (eFig. 1). Age-
standardized DALY rates (ASDR) remained unchanged
between 2005 and 2015: 2663.7 (2486.3–2861.0) in 2005,
and 2605.3 (2404.8–2816.0) in 2015 (eTable 4).
Regional age and sex variations in cancer burden
Females had higher ASIR in 2015 than males, with 199.6
(175.7–224.5) in females and 163.3 (150.2–178.7) in males
(Table 3). Age-standardized mortality rate (ASMR) was
higher in males compared to females at 113.8
(105.0–124.0) versus 95.8 (85.4–106.7), respectively. In
females, breast cancer, leukemia, and cervical cancer were
the most common incident cancers with 177 (149–207)
thousand, 21 (18–25) thousand, and 20 (15–26) thousand
cases, respectively (Table 2). The three cancers responsible
for most cancer deaths in females were breast cancer with
38 (32–44) thousand deaths, colon and rectal cancer with
Table 1 Decomposition Analysis of Cancer Incidence by Country in the Eastern Mediterranean Region, both sexes, 2005–2015 (Global Burden
of Disease Study 2015, Eastern Mediterranean Countries, 2005–2015)
Location Number of
incident cases
Expected number of cases in 2015 Change in incident cases 2005–2015 in % Overall
change in
%
2005 2015 Given
population
growth alone
Given population
growth and aging
Due to
population
growth
Due to
population
ageing
Due to change in
incidence rates
Eastern
Mediterranean
Region
494,690 722,646 609,771 670,386 23.3 12.3 10.6 46.1
Afghanistan 25,015 36,809 33,400 35,375 33.5 7.9 5.7 47.2
Bahrain 663 1105 1050 1218 58.5 25.3 -17.1 66.7
Djibouti 772 1153 879 1020 13.8 18.3 17.3 49.4
Egypt 62,489 87,853 76,106 80,680 21.8 7.3 11.5 40.6
Iran 67,019 95,011 75,054 88,510 12.0 20.1 9.7 41.8
Iraq 28,593 41,208 38,474 40,354 34.6 6.6 3.0 44.1
Jordan 4016 6188 5677 6504 41.4 20.6 -7.9 54.1
Kuwait 1416 2544 2430 2701 71.5 19.2 -11.1 79.6
Lebanon 7446 13,272 10,867 11,933 45.9 14.3 18.0 78.2
Libya 5205 7646 5638 6762 8.3 21.6 17.0 46.9
Morocco 36,743 53,370 41,475 48,931 12.9 20.3 12.1 45.3
Oman 1127 2524 2016 2240 78.8 19.9 25.2 123.9
Pakistan 175,827 254,242 215,840 233,152 22.8 9.8 12.0 44.6
Palestine 2104 3479 2730 3053 29.8 15.3 20.3 65.4
Qatar 529 1290 1417 1281 167.7 -25.7 1.7 143.7
Saudi Arabia 9384 15,726 11,912 14,359 26.9 26.1 14.6 67.6
Somalia 7207 9862 9193 8974 27.6 -3.0 12.3 36.8
Sudan 20,552 29,740 25,871 27,940 25.9 10.1 8.8 44.7
Syria 7938 10,956 8134 9753 2.5 20.4 15.1 38.0
Tunisia 14,023 19,471 15,592 17,998 11.2 17.2 10.5 38.8
United Arab
Emirates
3268 9247 6663 8585 103.9 58.8 20.2 182.9
Yemen 13,352 19,950 17,472 18,375 30.9 6.8 11.8 49.4
Burden of cancer in the Eastern Mediterranean Region, 2005–2015: findings from the Global… S153
123
T
a
b
le
2
In
ci
d
en
ce
,
d
ea
th
s
an
d
d
is
ab
il
it
y
-a
d
ju
st
ed
li
fe
y
ea
rs
fo
r
al
l
ca
n
ce
rs
an
d
2
9
ca
n
ce
r
g
ro
u
p
s
in
th
e
E
as
te
rn
M
ed
it
er
ra
n
ea
n
R
eg
io
n
,
b
o
th
se
x
es
,
2
0
1
5
(G
lo
b
al
B
u
rd
en
o
f
D
is
ea
se
S
tu
d
y
2
0
1
5
,
E
as
te
rn
M
ed
it
er
ra
n
ea
n
R
eg
io
n
,
2
0
1
5
)
C
au
se
N
u
m
b
er
o
f
in
ci
d
en
t
ca
se
s
N
u
m
b
er
o
f
d
ea
th
s
N
u
m
b
er
o
f
D
A
L
Y
s
(i
n
th
o
u
sa
n
d
s)
M
al
es
F
em
al
es
B
o
th
M
al
es
F
em
al
es
B
o
th
M
al
es
F
em
al
es
B
o
th
A
ll
ca
n
ce
rs
g
ro
u
p
s
3
0
9
,2
4
0
(2
8
2
,6
4
0
–
3
4
0
,6
5
7
)
4
1
3
,4
0
6
(3
6
1
,0
8
6
–
4
6
7
,3
0
0
)
7
2
2
,6
4
6
(6
6
0
,7
2
2
–
7
9
0
,1
0
2
)
1
9
8
,1
6
4
(1
8
1
,8
9
4
–
2
1
7
,5
6
1
)
1
8
0
,9
2
9
(1
6
0
,3
6
0
–
2
0
2
,5
6
0
)
3
7
9
,0
9
3
(3
5
0
,2
5
2
–
4
0
8
,5
8
0
)
5
8
6
5
(5
3
5
4
–
6
4
7
4
)
5
8
7
5
(5
1
9
1
–
6
6
0
8
)
1
1
,7
4
0
(1
0
,8
0
0
–
1
2
,7
4
2
)
L
ip
an
d
o
ra
l
ca
v
it
y
ca
n
ce
r
1
4
,0
6
8
(1
0
,6
6
4
–
1
8
,7
0
1
)
1
5
,3
5
8
(1
1
,2
9
6
–
2
1
,3
5
7
)
2
9
,4
2
6
(2
3
,7
5
2
–
3
6
,4
7
3
)
4
9
1
8
(4
0
0
9
–
6
0
6
9
)
4
8
3
7
(3
8
4
1
–
5
9
4
3
)
9
7
5
5
(8
3
1
5
–
1
1
,4
0
8
)
1
6
1
(1
2
7
–
2
0
3
)
1
5
1
(1
1
9
–
1
8
7
)
3
1
2
(2
6
3
–
3
6
8
)
N
as
o
p
h
ar
y
n
x
ca
n
ce
r
3
2
1
9
(2
0
8
0
–
4
6
8
1
)
1
8
3
6
(1
0
4
1
–
2
8
4
9
)
5
0
5
5
(3
6
0
6
–
6
9
4
0
)
1
4
6
9
(1
2
4
2
–
1
7
7
6
)
8
2
5
(6
8
0
–
9
8
4
)
2
2
9
4
(2
0
0
6
–
2
6
8
1
)
5
2
(4
3
–
6
3
)
3
0
(2
5
–
3
6
)
8
2
(7
1
–
9
7
)
O
th
er
p
h
ar
y
n
x
ca
n
ce
r
4
3
9
4
(3
5
1
6
–
5
3
9
4
)
3
5
9
3
(2
9
1
5
–
4
3
6
5
)
7
9
8
8
(6
9
1
4
–
9
2
7
3
)
1
6
5
4
(1
4
1
0
–
1
9
7
6
)
1
3
9
1
(1
1
6
5
–
1
6
4
1
)
3
0
4
5
(2
6
7
9
–
3
4
5
7
)
4
6
(4
0
–
5
5
)
4
0
(3
4
–
4
8
)
8
7
(7
6
–
9
9
)
E
so
p
h
ag
ea
l
ca
n
ce
r
8
7
9
5
(7
4
4
9
–
1
0
,5
1
7
)
7
9
9
2
(6
4
7
4
–
9
8
4
8
)
1
6
,7
8
8
(1
4
,5
7
7
–
1
9
,2
5
3
)
9
3
4
5
(8
0
6
8
–
1
0
,8
7
9
)
8
3
9
6
(6
8
2
3
–
1
0
,2
3
9
)
1
7
,7
4
1
(1
5
,7
4
3
–
2
0
,0
7
3
)
2
6
5
(2
2
3
–
3
1
7
)
2
5
1
(2
0
3
–
3
1
3
)
5
1
6
(4
5
2
–
5
9
5
)
S
to
m
ac
h
ca
n
ce
r
2
7
,0
9
3
(2
4
,2
3
5
–
3
0
,5
6
5
)
1
7
,7
2
5
(1
4
,9
5
1
–
2
0
,5
5
8
)
4
4
,8
1
8
(4
0
,7
1
9
–
4
9
,0
9
5
)
1
7
,4
6
2
(1
5
,6
6
7
–
1
9
,4
6
0
)
1
1
,8
4
7
(9
9
5
4
–
1
3
,6
3
1
)
2
9
,3
0
9
(2
6
,7
2
8
–
3
1
,9
4
7
)
4
4
1
(3
9
4
–
4
9
6
)
3
2
8
(2
6
4
–
3
8
7
)
7
6
9
(6
9
0
–
8
5
1
)
C
o
lo
n
an
d
re
ct
u
m
ca
n
ce
r
1
8
,6
6
2
(1
6
,2
7
6
–
2
1
,2
1
6
)
1
7
,1
5
0
(1
5
,0
9
0
–
1
9
,4
7
7
)
3
5
,8
1
3
(3
2
,2
4
0
–
3
9
,5
0
7
)
1
3
,2
6
8
(1
1
,6
6
6
–
1
4
,9
2
5
)
1
3
,1
4
8
(1
1
,4
9
8
–
1
4
,9
1
8
)
2
6
,4
1
6
(2
3
,7
3
6
–
2
9
,2
7
9
)
3
9
2
(3
3
5
–
4
5
0
)
3
7
3
(3
2
1
–
4
2
7
)
7
6
4
(6
7
8
–
8
5
9
)
L
iv
er
ca
n
ce
r
1
4
,6
6
0
(1
2
,0
4
2
–
1
6
,7
8
4
)
9
9
0
8
(7
4
1
8
–
1
1
,7
8
8
)
2
4
,5
6
8
(2
0
,6
1
8
–
2
7
,3
8
5
)
1
6
,6
1
7
(1
3
,8
6
9
–
1
8
,7
3
5
)
1
0
,7
4
7
(8
2
3
2
–
1
2
,2
9
0
)
2
7
,3
6
5
(2
3
,0
0
2
–
3
0
,1
7
4
)
4
4
8
(3
4
7
–
5
1
3
)
2
9
2
(2
1
1
–
3
4
2
)
7
4
0
(5
8
8
–
8
2
3
)
G
al
lb
la
d
d
er
an
d
b
il
ia
ry
tr
ac
t
ca
n
ce
r
2
3
8
3
(1
9
8
3
–
2
8
0
3
)
4
5
4
3
(3
7
3
1
–
5
2
7
9
)
6
9
2
6
(5
9
4
1
–
7
8
3
8
)
1
9
8
5
(1
6
7
3
–
2
3
1
2
)
3
8
5
3
(3
1
6
1
–
4
4
6
5
)
5
8
3
9
(4
9
7
3
–
6
6
1
2
)
5
0
(4
1
–
5
9
)
9
8
(7
9
–
1
1
6
)
1
4
8
(1
2
4
–
1
6
9
)
P
an
cr
ea
ti
c
ca
n
ce
r
6
2
8
3
(5
7
6
2
–
6
8
4
3
)
4
8
8
5
(4
3
9
3
–
5
3
9
4
)
1
1
,1
6
8
(1
0
,4
1
9
–
1
1
,9
9
5
)
7
0
1
1
(6
4
6
3
–
7
6
4
3
)
5
4
8
0
(4
9
1
7
–
6
1
0
0
)
1
2
,4
9
1
(1
1
,6
0
1
–
1
3
,4
0
0
)
1
7
9
(1
6
4
–
1
9
6
)
1
2
9
(1
1
6
–
1
4
4
)
3
0
8
(2
8
5
–
3
3
1
)
L
ar
y
n
x
ca
n
ce
r
1
1
,9
7
5
(1
0
,2
8
4
–
1
4
,1
2
8
)
2
8
8
7
(2
4
5
8
–
3
4
9
3
)
1
4
,8
6
2
(1
3
,0
8
3
–
1
7
,0
1
8
)
6
4
7
7
(5
6
7
6
–
7
3
8
0
)
1
6
1
2
(1
3
4
5
–
1
9
1
7
)
8
0
9
0
(7
2
2
2
–
9
0
4
9
)
1
7
2
(1
5
0
–
1
9
9
)
4
6
(3
9
–
5
4
)
2
1
8
(1
9
3
–
2
4
5
)
T
ra
ch
ea
l,
b
ro
n
ch
ia
l
an
d
lu
n
g
ca
n
ce
r
3
7
,6
8
1
(3
2
,7
6
8
–
4
2
,2
9
2
)
1
1
,8
4
8
(1
0
,5
9
1
–
1
3
,3
2
1
)
4
9
,5
3
0
(4
4
,0
8
3
–
5
4
,5
6
4
)
3
9
,1
8
0
(3
4
,3
1
6
–
4
3
,8
1
5
)
1
1
,8
3
1
(1
0
,4
4
2
–
1
3
,3
8
0
)
5
1
,0
1
2
(4
5
,4
3
0
–
5
6
,1
9
1
)
1
0
1
3
(8
7
9
–
1
1
4
4
)
3
1
7
(2
7
7
–
3
6
4
)
1
3
3
0
(1
1
7
1
–
1
4
7
5
)
M
al
ig
n
an
t
sk
in
m
el
an
o
m
a
3
0
2
1
(2
0
7
2
–
3
9
0
9
)
2
7
3
3
(2
3
2
6
–
3
2
1
2
)
5
7
5
5
(4
8
6
3
–
6
8
8
3
)
6
1
7
(4
0
7
–
7
7
3
)
5
1
4
(4
5
2
–
5
9
1
)
1
1
3
1
(9
4
7
–
1
3
2
2
)
2
0
(1
4
–
2
7
)
1
6
(1
4
–
1
9
)
3
6
(3
1
–
4
4
)
N
o
n
-m
el
an
o
m
a
sk
in
ca
n
ce
r
9
3
5
9
(8
4
4
3
–
1
0
,2
8
5
)
4
6
9
7
(4
1
6
5
–
5
2
6
4
)
1
4
,0
5
6
(1
2
,7
1
1
–
1
5
,3
8
3
)
1
0
1
5
(9
2
1
–
1
1
1
7
)
3
1
4
(2
7
2
–
3
6
1
)
1
3
3
0
(1
2
2
3
–
1
4
4
9
)
2
7
(2
4
–
3
0
)
9
(7
–
1
0
)
3
6
(3
3
–
3
9
)
B
re
as
t
ca
n
ce
r
2
0
5
8
(1
8
1
0
–
2
3
5
9
)
1
7
7
,3
8
9
(1
4
8
,7
0
2
–
2
0
7
,3
7
1
)
1
7
9
,4
4
7
(1
5
0
,9
2
4
–
2
0
9
,3
0
4
)
4
6
3
(4
0
8
–
5
3
0
)
3
8
,1
1
7
(3
2
,3
0
5
–
4
4
,2
5
1
)
3
8
,5
8
1
(3
2
,7
9
5
–
4
4
,6
9
8
)
1
4
(1
2
–
1
6
)
1
3
1
4
(1
1
0
1
–
1
5
4
6
)
1
3
2
8
(1
1
1
5
–
1
5
6
1
)
C
er
v
ic
al
ca
n
ce
r
–
1
9
,6
3
4
(1
4
,7
2
1
–
2
5
,5
0
5
)
1
9
,6
3
4
(1
4
,7
2
1
–
2
5
,5
0
5
)
–
7
8
7
8
(6
1
5
8
–
9
9
2
8
)
7
8
7
8
(6
1
5
8
–
9
9
2
8
)
–
2
5
1
(1
9
2
–
3
2
3
)
2
5
1
(1
9
2
–
3
2
3
)
U
te
ri
n
e
ca
n
ce
r
–
1
4
,3
3
7
(1
1
,5
7
6
–
1
7
,6
2
1
)
1
4
,3
3
7
(1
1
,5
7
6
–
1
7
,6
2
1
)
–
6
8
5
7
(5
6
4
1
–
8
0
7
6
)
6
8
5
7
(5
6
4
1
–
8
0
7
6
)
–
1
9
3
(1
5
7
–
2
2
8
)
1
9
3
(1
5
7
–
2
2
8
)
O
v
ar
ia
n
ca
n
ce
r
–
1
0
,9
4
6
(9
0
2
4
–
1
3
,3
9
5
)
1
0
,9
4
6
(9
0
2
4
–
1
3
,3
9
5
)
–
6
8
5
5
(5
9
5
3
–
7
8
3
3
)
6
8
5
5
(5
9
5
3
–
7
8
3
3
)
–
2
3
5
(2
0
1
–
2
7
1
)
2
3
5
(2
0
1
–
2
7
1
)
P
ro
st
at
e
ca
n
ce
r
2
7
,5
3
3
(2
0
,3
4
9
–
3
4
,3
7
8
)
–
2
7
,5
3
3
(2
0
,3
4
9
–
3
4
,3
7
8
)
1
3
,8
6
1
(1
0
,4
2
0
–
1
7
,1
8
7
)
–
1
3
,8
6
1
(1
0
,4
2
0
–
1
7
,1
8
7
)
2
4
3
(1
8
0
–
2
9
7
)
–
2
4
3
(1
8
0
–
2
9
7
)
T
es
ti
cu
la
r
ca
n
ce
r
3
1
4
3
(2
3
1
5
–
4
2
6
6
)
–
3
1
4
3
(2
3
1
5
–
4
2
6
6
)
1
0
1
0
(7
9
2
–
1
2
9
9
)
–
1
0
1
0
(7
9
2
–
1
2
9
9
)
5
2
(4
0
–
6
8
)
–
5
2
(4
0
–
6
8
)
K
id
n
ey
ca
n
ce
r
5
4
6
5
(4
6
3
5
–
6
3
4
5
)
2
8
5
6
(2
4
6
3
–
3
2
7
9
)
8
3
2
1
(7
3
6
4
–
9
3
0
5
)
3
4
9
7
(3
0
4
6
–
3
9
4
2
)
1
7
4
1
(1
5
0
5
–
2
0
3
9
)
5
2
3
9
(4
6
9
9
–
5
8
3
4
)
1
1
0
(9
6
–
1
2
5
)
6
0
(5
2
–
7
1
)
1
7
0
(1
5
2
–
1
9
0
)
S154 GBD 2015 Eastern Mediterranean Region Cancer Collaborators
123
13 (11–15) thousand deaths, and stomach cancer with 12
(10–14) thousand deaths. The top three causes of DALYs
in females were breast cancer with 1.3 (1.1–1.5) million
DALYs, leukemia with 498 (445–557) thousand DALYs,
and other neoplasms with 459 (339–546) thousand DALYs
(Table 2).
The most common incident cancers in males in 2015
were tracheal, bronchus, and lung cancer (TBL) with 38
(33–42) thousand cases, followed by prostate cancer and
stomach cancer, with 28 (20–34) thousand and 27 (24–31)
thousand cases, respectively. These cancers accounted for
30% of the incidence of all cancers. The most common
causes of cancer deaths in males were TBL, stomach
cancer, and liver cancer with 39 (34–44) thousand, 17
(16–19) thousand, and 17 (14–19) thousand deaths,
respectively. The top three causes of DALYs in males were
TBL with 1.0 (0.8–1.1) million DALYs, leukemia with 637
(579–705) thousand DALYs, and other neoplasms with 494
(418–603) thousand DALYs (Table 2).
In children aged 0–14 years, the most common cancers
were leukemia, other neoplasms, and cancer of the brain
and nervous system (Fig. 1). These cancers were also the
ones responsible for most childhood cancer deaths (Fig. 2).
In adolescents and young adults (ages 15–39 years), the
most common cancers were breast cancer, followed by
leukemia and other neoplasms. These cancers were also
main causes of death in this age group.
National cancer incidence, mortality, and burden
In 2015, Lebanon had the highest ASIR for all cancers at
261.9 (194.6–336.2), followed by Afghanistan at 258.8
(161.3–411.3), and Iraq at 219.9 (172.2–279.8) (Table 3).
ASMRs were highest in Afghanistan at 165.0
(111.5–221.7), followed by Somalia at 148.6 (49.1–319.1),
and Djibouti at 142.0 (75.4–256.6). Those three countries
also had the highest ASDRs in 2015. Saudi Arabia, Syria,
and Oman had the lowest ASIRs in 2015 with 95.6
(82.3–111.5), 103.5 (89.9–117.8), and 115.8 (98.5–131.8),
respectively. Those countries also had the lowest ASMR
with 54.8 (50.1–60.0), 64.0 (55.0–72.4), and 66.0
(55.2–74.7), respectively. Along with Kuwait, these coun-
tries had the lowest ASDRs in 2015 as well.
Burden of different cancer groups
Excluding the ‘‘other neoplasms’’ group, five cancers,
namely breast cancer, TBL, leukemia, stomach cancer, and
colon and rectal cancer ranked highest in terms of incident
cases in the region. Breast cancer had the highest ASIR in
the EMR in 2015 with 42.3 (35.7–48.9) cases. It also had
the second-highest ASMR after TBL in the region with 9.9
(8.5–11.3) deaths (eTable 1). There were 179 (151–209)T
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thousand new cases in 2015, 39 (33–45) thousand deaths,
and 1.3 (1.1–1.6) million DALYs caused by breast cancer
(Table 2). Only 1% (2058 cases) of breast cancer cases
occurred in males (Table 2). Nine percent of all DALYs
caused by breast cancer came from YLDs (eFigure 1).
In 2015, TBL had the second highest ASIR the region
with 13.9 (12.5–15.2). It was the leading cause of cancer
deaths and DALYs in the region with 51 (44–55) thousand
incident cases, 51 (45–56) thousand deaths, and 1.3
(1.2–1.5) million DALYs. Seventy-six percent of new
cases and deaths occurred in males. Only 1% of DALYs
came from YLDs.
There were 48 (43–53) thousand new cases of leukemia
in 2015 in the region and 26 (24–28) thousand deaths,
making it the third most common cancer in the region.
Leukemia caused 1.1 (1.1–1.2) million DALYs, with 97%
coming from YLLs.
Stomach cancer had the fourth-highest ASIR the region in
2015 at 13.2 (12.0–14.4), but ranked first in Afghanistan with
40.5 (26.1–55.0) and second in Iran, Yemen, and Sudan with
29.1 (24.0–35.7), 19.0 (11.6–29.4), and 18.1 (13.2–23.6),
respectively (Online Appendix Data). There were 45 (41–49)
thousand cases in 2015, 29 (27–32) thousand deaths, and 769
(690–851) thousand DALYs, of which only 2% came from
YLDs. Sixty percent of incident cases, 60% of deaths, and
57% of DALYs occurred in males.
Colon and rectum cancer was the sixth most frequent
cancer in the region in 2015 with 36 (32–40) thousand
incident cases, 26 (24–29) thousand deaths, and 764
(678–859) thousand DALYs. It was the second most fre-
quent incident cancer in 2015 in Jordan, Kuwait, Lebanon,
Libya, Qatar, and Saudi Arabia.
Drivers of change in cancer incidence
Between 2005 and 2015, the overall change in the number
of incident cancer cases ranged between 36.8% in Somalia
and 182.9% in the UAE (Table 1). High-income EMR
countries in addition to Lebanon experienced the largest
increase in cancer incidence, which was mainly driven by
population growth in all countries. Population aging was
responsible for 12% of the increase in incident cancer cases
in the region in total, ranging from -25.7% in Qatar to
58.8% in the UAE. Change in age-specific incident rates
ranged between -17.1% in Bahrain and 25.2% in Oman
relative to the overall change in incident cases (Table 1).
Discussion
In 2015, cancer was responsible for 9.4% (8.9–9.9%) of all
deaths and 5.1% (4.6–5.8%) of all DALYs in the EMR
countries compared to 15.7% (15.5–15.9%) of deaths and
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Fig. 1 Age-specific contribution of cancer groups to total cancer incidence in the Eastern Mediterranean Region, both sexes, 2015 (Global
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8.5% (7.8–9.2%) of all DALYs at the global level (GBD
2015 DALYs and HALE Collaborators 2016; GBD 2015
Mortality and Causes of Death Collaborators 2016). This
puts cancer as the third-leading cause of death and the
eighth-leading cause of DALYs in the EMR. In EMR
countries, cancer deaths between 2005 and 2015 have
increased by 32.9%. Females experienced higher cancer
incidence in the EMR but lower cancer deaths compared to
males, which can be explained by less aggressive cancers
(breast, cervical) being among the top cancers in females
compared to males (lung, stomach). Age-standardized
cancer incidence varied substantially between EMR coun-
tries with infection-related cancers playing a more impor-
tant role in low- and low-middle income countries (e.g.,
stomach cancer having the highest ASIR in Afghanistan,
Iran, Yemen, and Sudan, and cancers related to low
physical activity and cancers with strong lifestyle-related
risk factors such as colorectal cancer being more common
in middle- and high-income EMR countries such as
Lebanon, the UAE, and Libya).
Given this alarming trend and the substantial contribu-
tion of cancer to the disease burden in EMR countries,
cancer control has to be among the top health policy pri-
orities. Compared to other studies (Aljurf et al. 2010;
Abdel-Razeq et al. 2015; Kulha´nova´ et al. 2017) analyzing
cancer burden in the EMR countries, the GBD study
provides analyses of all diseases over time, which means
that cancer can be viewed in the context of other health
priorities. Kulha´nova´ et al. recently published an analysis
using GLOBOCAN data to analyze the cancer burden in
the EMR (Kulha´nova´ et al. 2017). Because of different
methods to estimate incidence and mortality as well as few
high-quality data sources for cancer incidence and mor-
tality in the EMR, GBD estimates for incidence differ
between 50% fewer incident cases (for Syria) to 215%
more incident cases (for the UAE). For mortality, GBD
estimates range from 56% fewer deaths in Syria to 153%
more deaths in the UAE (eTable 4). Whereas the GLO-
BOCAN methodology starts with estimating cancer inci-
dence and then for most EMR countries models survival to
estimate mortality (Ferlay et al. 2015), GBD uses cancer
registry incidence-based mortality estimates as well as vital
registration data to model mortality and then uses these
mortality estimates as well as modeled MIR to estimate
cancer incidence. An advantage of the GBD study is the
ability to compare trends over time, which allows for
analysis of the effects of the demographical and epidemi-
ological transition, and also the effectiveness of public
health policies. The discrepancies between GLOBOCAN
and GBD estimates underscore the need for better data to
assess cancer burden in the EMR countries. Few high-
quality population-based cancer registries exist in the
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Fig. 2 Age-specific contribution of cancer groups to total cancer mortality in the Eastern Mediterranean Region, both sexes, 2015. (Global
Burden of Disease Study 2015, Eastern Mediterranean Region, 2015)
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EMR, with the Global Initiative for Cancer Registry
Development (GICR) actively promoting further develop-
ment of cancer registries (International Agency for
Research on Cancer (IARC) 2011). At the same time,
strengthening of vital registration systems and integration
of surveillance systems for other non-communicable dis-
eases is needed in the region. Until better data become
available, model-based estimates have to be used to guide
local policy.
Two significant international statements address the
threat of non-communicable diseases and propose inter-
ventions as well as metrics to measure success. The SDGs,
as the successors of the Millennium Development Goals,
which shaped public health policy for 15 years, now
include non-communicable diseases (NCDs) in the third
goal, ‘‘by 2030, reduce by one-third premature mortality
from non-communicable diseases through prevention and
treatment and promote mental health and well-being’’
(United Nations 2016). Control of NCDs has also been
targeted in the WHO Global Action Plan for Prevention
and Control of NCDs 2013–2020 (World Health Organi-
zation 2013). Our study shows that substantial efforts are
required in most EMR countries to meet the SDG targets of
reducing cancer mortality. Culprits for the disappointing
pace of cancer control to date can be found in all aspects of
cancer care, from primary prevention and screening, to
early diagnosis, access to cancer treatment, tertiary pre-
vention, and palliative care (World Health Organization
2014).
We have seen exciting advances in our understanding of
cancer and resulting treatment approaches in the last dec-
ade. However, the increasing cancer burden due to an aging
population and the exploding costs associated with com-
plex cancer treatments are leading to unacceptable in-
creases in health care expenditure, which will be
impossible to sustain for most countries (Kelly and Smith
2014). For this reason, risk factor reduction has to be a
priority for any cancer control effort. The top five risk
factors identified in GBD as contributing to cancer mor-
tality in the EMR are tobacco, dietary risks, high body
mass index, occupational risks, and air pollution (GBD
2015 Risk Factors Collaborators 2016). With lung cancer
being the second-leading cause of cancer death in the
region, tobacco control has to be the top priority. Health
hazards of cigarette smoking are well established. How-
ever, other forms of tobacco consumption such as chewing
and shisha (waterpipe) smoking also lead to an increased
risk of death, mainly due to cancer (Etemadi et al. 2016).
All countries in the EMR with the exception of Somalia
and Palestine have signed the WHO Framework Conven-
tion on Tobacco Control (WHO FCTC), and all countries
except Morocco have ratified it. However, in many EMR
countries, smoking rates have not declined, with certain
forms of tobacco consumption such as shisha smoking even
rising (Maziak et al. 2015). Secondhand smoking is not
restricted in most countries in the EMR despite the FCTC
recommendations (Heydari et al. 2012).
Obesity and lack of physical activity are risk factors that
also follow a dangerous trend, with obesity prevalence
rising in many EMR countries to concerning levels (Ng
et al. 2014). Obesity has been proven to be a risk factor for
esophageal adenocarcinoma, colon, rectal, kidney, and
pancreas cancer, gallbladder cancer in females, and post-
menopausal breast, ovarian, and uterine cancers (Lauby-
Secretan et al. 2016). Physical inactivity has been linked to
an increased risk for cancer, especially colon and breast
cancer (American Institute for Cancer Research and World
Cancer Research Fund 2007). For both sexes combined,
breast cancer is the most common incident cancer in every
EMR country, and colorectal cancer is among the top four
most common cancers in all high-income EMR countries
as well as all middle-income EMR countries except for
Iran, Pakistan, Sudan, Syria, Egypt, Morocco, and Iraq.
This stresses the importance of health intervention pro-
grams and environmental policies to increase physical
activity and healthy dietary habits.
Other important strategies for primary prevention
include vaccination against human papillomavirus (HPV)
for cervical cancer prevention, as well as hepatitis B vac-
cination and treatment of hepatitis B and C, especially in
countries with high hepatitis C prevalence such as Egypt,
where liver cancer is the leading cause of cancer death
(Alavian and Haghbin 2016). In the case of liver cancer,
screening of high-risk groups has also been recommended
by the National Comprehensive Cancer Network (NCCN)
as a core intervention in the resources stratified guidelines
(National Comprehensive Cancer Network 2016). How-
ever, early detection is dependent on a functioning primary
care system as well as universal access to care, the
developments of both of which are hampered by frag-
mented care systems, lack of strategic planning, an
unregulated private sector, as well as political turmoil in
some EMR countries (Regional Committee for the EM/
RC57/Tech.Disc.1 and Eastern Mediterranean 2010).
An emphasis on addressing cancer once it becomes
clinically symptomatic rather than on detecting it early is
also apparent by the lack of population-wide cancer
screening programs. Effective screening is currently
available for cervical cancer, colorectal cancer, breast
cancer, oral cancer, and stomach cancer (in high-risk
populations) (Sankaranarayanan 2014). With breast and
cervical cancer being among the most common cancers in
females in every EMR country, cancer screening should be
among the prioritized prevention efforts (Goldie et al.
2005; Yip et al. 2008). For screening programs to be suc-
cessful at the population level, strategic implementation
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should be coordinated at the national level and include
educational components, as well monitoring and evaluation
to ensure success and sustainability. Opportunistic screen-
ing programs in the past have been hampered by low
participation rates due to anxiety, misperception of the
screening’s purpose, and a general sense that cancer at any
stage is a death sentence (Al Mulhim et al. 2015; Al-Zal-
abani et al. 2016). Civil engagement through education and
advocacy is therefore an important pillar of successful and
sustainable screening programs.
Cancer treatment programs depend on multidisciplinary
approaches that are often unavailable in EMR countries.
Laboratory services, pathology, radiology, oncology nurs-
ing, surgery, medical and radiation oncology, pharmacol-
ogy, transfusion services, nutritional and psychosocial
support services, as well as palliative care and hospice
services are the core disciplines required to provide cancer
care. There is a lack of human capital for many, if not of
all, of these disciplines, which will require continued and
coordinated efforts to train local staff and ensure retention
(World Health Organization 2014).
Another important factor contributing to poor health in
some EMR countries is war, leading to a large number of
displaced people, disruption in care structures and supplies,
lack of qualified healthcare personnel, and financial strains
on patients and healthcare systems in countries with large
refugee populations (Spiegel et al. 2014; Sahloul et al.
2016). Innovative solutions to monitor disease burden in
these most vulnerable populations have been proposed and
include web-based cancer registries with linkages between
countries (Spiegel et al. 2014). Approaches during
humanitarian emergencies to prevent and treat cancer and
other diseases requiring complex care systems include
clear referral guidelines as provided by the United Nations
High Commissioner for Refugees (UNHCR), as well as
financing systems such as health insurance or social secu-
rity (United Nations High Commissioner for Refugees
2009, 2012).
Limitations
Our data sources to estimate cancer burden in the EMR are
vital registration and cancer registry data. The GBD study
tries to identify and utilize all available data sources in the
estimation process. However, data sources in low- and
middle-income countries are scarce, and causes of death
and cancer registration is not a routine procedure in many
health care systems. Even when civil registration exits, war
or civil unrest can interrupt routine data collection. In the
absence of reliable data, our estimates are largely driven by
regional trends and the selection of model covariates which
lead consequently to wider uncertainty intervals and time
trends that are therefore often non-significant. Furthermore,
miscoding of causes of death—as the so-called garbage
codes—in vital registration data can influence both our
mortality estimates and incidence estimates. Misclassifying
metastatic sites (e.g., lung, liver, bone) as the primary
cancer site or as second cancers is another potential source
of bias. This is particularly true in countries with low-
quality registration and limited diagnostic sources.
Conclusions
Cancer is among the leading causes of death and DALYs in
most EMR countries. Prioritization of different aspects of
the cancer control continuum depends on local health
infrastructure as well as disease epidemiology. Given the
dramatic increase in cancer cases and deaths over the last
decade, all stakeholders including health policymakers,
care providers, and the general public need to actively
engage to define these priorities and work together on
implementation of evidence-based cancer control
strategies.
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